Autism is a severe developmental disorder whose neurological basis is largely unknown. The aim of this study was to identify the shape differences of the corpus callosum between patients with autism and control subjects. Anatomical landmarks were collected from midsagittal magnetic resonance images of 25 patients and 18 controls. Euclidean distance matrix analysis and thin-plate spline analyses were used to examine the landmark forms. Point-by-point shape comparison was performed both globally and locally. A new local shape comparison scheme was proposed which compared each part of the shape in its local coordinate system. Point correspondence was established among individual shapes based on the inherent landmark correspondence. No significant difference was found in the landmark form between patients and controls, but the distance between the interior genu and the posterior-most section was found to be significantly shorter in patients. Thin-plate spline analysis showed significant group differences between the landmark configurations in terms of the deformation from the overall mean configuration. Significant global shape differences were found in the anterior lower body and posterior bottom, and there was a local shape difference in the anterior bottom. This study can serve as both a clinical reference and a detailed procedural guideline for similar studies in the future.
Introduction
Autism is a severe developmental disorder characterized by social deficits, impaired communication, and restricted and repetitive behavior patterns (American Psychiatric Association, 2000) . Magnetic resonance imaging (MRI) has found inconsistent results regarding the abnormalities of brain structures in autism. The inconsistency may be due to factors such as the sample size, subject age and gender. However, heterogeneity within the autism diagnosis can significantly obscure the genetic basis of the disorder (Miles et al., 2005) .
The corpus callosum (CC) is the major commissural pathway between the brain hemispheres and plays an integral role in relaying sensory, motor, and cognitive information from homologous regions in the two hemispheres. Many studies have reported abnormalities of the CC in autism. Quantitative morphologic assessment of individual brain structures is often based on volumetric measurements and shape analysis. Volume comparison gives global information about the size difference between pathological and healthy structures, but no local shape difference is revealed. Early works focused mostly on the area of the CC on the midsagittal slice (e.g., Piven et al., 1997; Hardan et al., 2000) , and most of them found reductions in the size of different sub-regions of the CC in autism. Shape analysis, on the other hand, can precisely locate morphologies at any location on the brain structure. However, point correspondence among individual shapes is a crucial and difficult problem. Studies by Vidal et al. (2006) and He et al., (2008) both found the anterior and posterior portions of the CC were more inward in autism. Point correspondence was established globally across the entire shape. Note that their shape correspondence was based on 2D contours of the CC on sagittal MR images, because the shape characteristics of the of the CC can be sufficiently reflected by the sagittal view.
Landmark-based shape analysis has been popular in neuroanatomical research because of its convenience and effectiveness in obtaining shape information. Landmarks are usually determined by anatomical prominences of the biological structure of interest. Euclidean distance matrix analysis (EDMA) and thin-plate spline (TPS) analysis are two common ways to examine the landmarks. EDMA uses landmark coordinate data to calculate all pairwise distances between landmarks (Burrows et al., 1999) . It is invariant to the coordinate system, which makes it biologically and statistically advantageous (Theodore and Richtsmeier, 1998) . For example, it was used to analyze sex-related differences in the inter-landmark distances of the CC (Ozdemir et al., 2007) . TPS (Bookstein, 1989) has been widely used to compare landmark configurations (Ozdemir et al., 2007; Bookstein et al., 2001; Fink and Zelditch, 1995; Lapeer and Prager, 2000; Rosas and Bastir, 2002) . The fundamental principle of TPS is the comparison of two different shapes by deforming one shape to the other. The expansion factors can be used as a measurement of the deformation (Bookstein, 1991 
